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ABSTRACT

Perception of familiar faces depends on a core system analysing visual appearance and an
extended system dealing with inference of mental states and emotional responses. Dam-
age to the core system impairs face perception as seen in prosopagnosia. In contrast, pa-
tients with Capgras delusion show intact face perception but believe that closely related
persons are impostors. It has been suggested that two deficits are necessary for the delu-
sion, an aberrant perceptual or affective experience that leads to a bizarre belief as well as
an impaired ability to evaluate beliefs. Using functional magnetic resonance imaging, we
compared neural activity to familiar and unfamiliar faces in a patient with Capgras delu-
sion and an age matched control group. We provide evidence that Capgras delusion is
related to dysfunctional activity in the extended face processing system. The patient, who
developed the delusion for the partner after a large right prefrontal lesion sparing the
ventromedial and medial orbitofrontal cortex, lacked neural activity to the partner’s face in
left posterior cingulate cortex and left posterior superior temporal sulcus. Further, we
found impaired functional connectivity of the latter region with the left superior frontal
gyrus and to a lesser extent with the right superior frontal sulcus/middle frontal gyrus. The
findings of this case study suggest that the first factor in Capgras delusion may be reduced
neural activity in the extended face processing system that deals with inference of mental
states while the second factor may be due to a lesion in the right middle frontal gyrus.
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1. Introduction

Capgras delusion is a misidentification disorder in which the
patient believes that an emotionally closely related person has
been replaced by an impostor. The striking feature of Capgras
delusion is that patients are able to recognize the related
person’s face but deny its authenticity. Capgras delusion can
occur in schizophrenia and after neurological damage, espe-
cially to the right frontal lobe (Edelstyn & Oyebode, 1999). It
has been suggested that Capgras delusion represents a mirror
image of prosopagnosia, where patients fail to recognize faces
but are still able to show affective responses to these faces
(Ellis & Young, 1990). The double dissociation thus suggests
different neural circuits for face processing, a cognitive one
impaired in prosopagnosia and an affective one impaired in
Capgras delusion (Breen, Caine, & Coltheart, 2000; Ellis &
Young, 1990). While it is known that prosopagnosia is due to
damage to right occipito-temporal brain regions, especially
the occipital face area (Bouvier & Engel, 2006; Rossion et al.,
2003) the dysfunctional brain circuits in Capgras delusion
are largely unknown. There are several single case reports
using mostly computer tomography (CT) or positron emission
tomography (PET) in patients with Capgras delusion which
suggest structural and metabolic anomalies in mostly right
sided frontal, temporal or parietal brain regions (Horikawa
et al., 2006; Lebert et al., 1994; Lewis, 1987; Luca et al., 2013;
Paillere-Martinot, Dao-Castellana, Masure, Pillon, & Marti-
not, 1994). Note that however not all studies found right lat-
eralized structural anomalies (Huang, Liu, & Yang, 1999).
Some studies point to the presence of two lesion sites, one in
right frontal and the other in right temporal cortex (Alexander,
Stuss, & Benson, 1979; Mattioli, Miozzo, & Vignolo, 1999).
Functional neuroimaging studies are however missing.

Psychophysiological studies in patients with Capgras
delusion provide evidence for impaired autonomic arousal, as
measured by skin conductance responses (SCRs), to person-
ally familiar and famous faces (Brighetti, Bonifacci, Borlimi, &
Ottaviani, 2007; Ellis, Young, Quayle, & De Pauw, 1997; Hirstein
& Ramachandran, 1997). It has thus been suggested that the
lack of an autonomic response to an emotionally closely
related person may make the patient believe that the person
has been replaced by an impostor. The impairment seen in
Capgras delusion was proposed to be linked to a disruption of
pathways connecting face sensitive areas to limbic cortex,
which is involved in the accompanying emotional response
(Ellis & Lewis, 2001). Tranel, Damasio, and Damasio (1995)
have however shown that patients with bilateral ventrome-
dial prefrontal damage, who also lack autonomic arousal to
familiar faces, do not show Capgras delusion, suggesting that
the lack of an affective response alone cannot explain the
delusion.

Coltheart et al. have suggested a two-factor theory of de-
lusions (Coltheart, 2007; Coltheart, 2010; Coltheart, Langdon, &
McKay, 2011; Langdon & Coltheart, 2000). The theory assumes
that two deficits are necessary for delusions to occur. The first
deficitis an aberrant perceptual or affective experience which
will be responsible for the content of the delusion. In the case of
Capgras delusion this first deficit may be the lack of autonomic
arousal which leads to the abductive inference that the person

is an impostor. The second deficit is an impaired ability to
evaluate beliefs which prevents the rejection of the bizarre
belief. It has been suggested that the anatomical locus of this
second deficit is in right frontal cortex.

Functional magnetic resonance imaging (fMRI) studies in
healthy volunteers suggest that processing faces of closely
related persons involves many brain areas implicated in social
cognition, such as the medial prefrontal cortex, the superior
temporal sulcus/temporoparietal junction and the posterior
cingulate cortex. In most studies activity in these brain re-
gions occurred bilaterally (Gobbini, Leibenluft, Santiago, &
Haxby, 2004; Natu & O’'Toole, 2011; Shah et al., 2001; Sugiura
et al., 2001; Sugiura, Mano, Sasaki, & Sadato, 2011; Taylor
et al., 2009). Since these brain regions are even active in im-
plicit tasks and in tasks with newly acquired minimal person
knowledge, it has been suggested that neural activity in these
areas is related to the spontaneous retrieval of mental states,
intentions and attitudes when a familiar face is perceived
(Gobbini & Haxby, 2007; Todorov, Gobbini, Evans, & Haxby,
2007). Given the above findings on processing of familiar
faces, Gobbini and Haxby (2007) put forward a neural model of
familiar face perception that consists of a core system of face
processing located in inferior occipital gyrus, fusiform gyrus
and posterior superior temporal sulcus that deals with the
analysis of visual appearance and an extended system that
deals with inference of mental states and emotional re-
sponses when seeing familiar faces. In other words, the cores
system is responsible for the visual analysis of faces, like early
perception of facial features, identification of unique facial
identity, as well as eye gaze, facial expressions and lip
movements. Faces however convey a wealth of further in-
formation, such as emotions, intentions and mental states.
This information is extracted by the extended system which
involves brain areas implicated in social cognition and
emotion such as the medial prefrontal cortex, the superior
temporal sulcus/temporoparietal junction, the posterior
cingulate cortex and the amygdala. Note that the bilateral
posterior cingulate cortex and left posterior superior temporal
sulcus seem to be supramodal areas for detecting familiarity
since responses were observed for familiar faces and voices
(Arnott, Heywood, Kentridge, & Goodale, 2008; Shah et al.,
2001). Additionally, the bilateral posterior cingulate cortex
was shown to respond to familiar objects and places (Sugiura,
Shah, Zilles, & Fink, 2005).

Given this model of familiar face processing it is reasonable
to assume that Capgras delusion may also involve dysfunction
in the extended face processing system. Hence, according to
the Coltheart model, dysfunction in the extended face pro-
cessing system, leading to a loss of familiarity perception, may
represent the first factor leading to the bizarre belief that a
loved one is an impostor. Whether brain regions of the
extended face processing system are dysfunctional in patients
with Capgras delusion when processing familiar faces has
however never been tested experimentally by means of
functional neuroimaging. A recent single-photon emission
computed tomography (SPECT) study in a patient with Alz-
heimer’s disease who developed Capgras delusion provides
however first evidence for hypometabolism in left lateralized
frontal and posterior midline structures which are parts of the
extended face processing system (Jedidi et al., 2013).
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